In recent years new strategies for maintaining the coherence (i.e., constant relative phase) of quantum systems have appeared. 1, 2 Even if photons interact weakly with their surroundings, the resulting decoherence (i.e., randomization of the relative phase) may significantly affect their polarization state during propagation within dispersive media. We show how the polarization decoherence of a photon circling in a ring cavity can be suppressed by adapting to the field of quantum optics the open-loop protection technique known as bang-bang (BB). This method is already being employed for nuclear spins and nuclear-quadrupole qubits. It has potential practical application in the field of optical fibers.
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In BB, the system undergoes a sequence of suitably tailored unitary operations aimed at decoupling the system from the surrounding environment. For a polarization qubit, conveniently represented as a point on the surface of a Bloch sphere (see Figure 1 ), BB consists of alternating fast 180 • flips of the polarization state about the two axes, z and x. 3 The physical idea behind BB comes from nuclear magnetic resonance (NMR) spectroscopy, where the controls are implemented in time as a sequence of strong and rapid pulses. In the photon case BB is applied in space: while circling in the cavity, the photon passes directly through the optical elements that implement the BB transformations on it. Figure 2 depicts our experimental apparatus. A laser diode at 800nm with a bandwidth of about 15nm is pulsed at 100KHz. The laser is injected into a triangular ring cavity composed of a spherical mirror and two planar mirrors, and the beam is attenuated so that it provides an average of one photon per pulse.
In the cavity the photon undergoes two kinds of polarization decoherence. One arises from the polarization-dependent reflectivity of the plane mirrors. We introduce the other manually: it comes from the birefringent crystals positioned in front of the plane mirrors, which are labeled B X in Figure 2 . These crystals introduce a controlled birefringence along various axes of the Bloch sphere. We quantify the amount of decoherence by evaluating the purity of the experimentally reconstructed output density matrices (see Figure 3) . A full BB decoupling cycle is composed of the double application of the X and Z flips during the system evolution. Two waveplates, labeled X and Z in Figure 2 , make these flips occur.
In our first experiment we studied the mirror-reflectivitydependent decoherence for different polarization input states. matrices. Since reflection at plane mirrors leaves horizontal and vertical polarizations unaltered, the cavity does not introduce any decoherence for these states. However, the situation is different for diagonal and circular polarization states, as they fall into a completely mixed state after a photon travels around the cavity a few times in the absence of the BB gates. This can be seen in Figure 3 from the density matrix of diagonal elements, which average to zero in the absence of BB. On the contrary, after the introduction of BB, the purity of the qubits is nearly identical to its maximum value, even after several cavity round trips, as shown by the presence of nonzero density matrix of diagonal elements. To test BB in a more general scenario, we performed a second experiment using birefringent crystals B X . In case of no BB, the resulting fast polarization decay is shown in the left side of Figure 4 for a general elliptical polarization state, for different alignment directions of the crystals. The recovery of purity after the application of BB is apparent from the right side of the figure, and proves the usefulness of the scheme to combat a general birefringence-induced decoherence.
In conclusion, we have conducted the first experimental application of BB open-loop decoupling in the field of quantum optics. Specifically, we applied BB control to the recovery of birefringence-induced polarization decoherence in a triangular ring cavity. We verified that BB dramatically reduced the decoherence in terms of the purity of the output states. Although not reported here, we also verified the effectiveness of BB in increasing the overall fidelity of photon transmission through the cavity. In future work we will develop a direct experimental demonstration of this effect in a one-way single-mode optical fiber.
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